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PROCESS A ND APPARATUS FOR PRODUCING; OT.FFIN POLYMERS 

Background of th<. Inventioii 



S Field of flie Inventinn 

The present invention relates to olefin polymerisation. In particular, the present invention 
concerns a process and an apparatus for continuous polymerisation olefin monomers like 
etfayloie and otiier monomers in a cascade of polymaisation reactors, wherein an olefin 
10 monomer is polymerised first in slurry phase in an inert hydrocarbon diluent in at least one 
loop reactor and tiiai, subsequentiy, in gas phase in at least one gas phase reactor. 

Description of Related Art 

15 The loop reactor was developed in tiie 1950's. It is'now widely used foe the production of 
polyefliylene and oflier olefin polymers. In a loop reactor, efliylene is polymerised in the 
presence of a hydrocarbon diluent in slurry phase at elevated pressure and temperature. The 
slurry is withdrawn from lb& reactor and concentiated so fljat the soUds content at the reactor 
ouflet is higher than the solids content in the reactor. Traditionally, this has been done by 

20 using settKng legs. However, present metiiods for concentrating flie polymer slurry of a loop 
reactor have been unsatisfactory. This is tme, in particular, for tiie production of bimodal 
polyethylene in cascaded reactors. 

Bimodal polyefliylene comprises at least one low molecular weigjht component and at least 
25 one high molecular weight con^xment. It can be produced m a cascade of reactors, which 
means fliat polymerisation is carried out in a plurality of reactors placed in serial arrangement 
so fliat tiie polymerisation product withdrawn ftom tiie product outlet of one reactor is fed into 
the inlet of tiie foUowing reactor. When using cascaded polym^sation reactors, it is 
m^KWtant to prevent tiie flow of certain reactants fiom one polymerisation stage to tiie next If 
30 tfie low molecular weight polymer component is produced in tiie first polymerisation stage, 
any carryover of hydrogen fixjm tiie first stage to tiie second stage will reduce tiie molecular 
weight produced in tiie second stage, tfiercby leading to reduced mechanical properties and 
inferior melt strengtii of tiie final polymer. On tiie oflier hand, if tiie high molecular weight 
component is produced in tiie first reactor, tiien carryover of comonomers into flie second 
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polymerisation stage will have a negative impact on the mechanical properties of the final 
polymff. 

The use of hydrocyclones for concentrating the outlet slurry of a loop reactor is known since 
5 the 1960's. Loop reactors equipped with a hydrocyclone are disclosed in, e.g., US 3 816 383, 
where a part of the underflow ficom the hydrocyclone is taken to product recovery, while the • 
residual part is combined wifli ttie ov«flow and returned to flie loop reactor. 

Another document relating to the above-mentioned tope is US 4 395 523, which discloses a 
10 method of making and recovering polymer particles. The known method conqjrises 

polymerising in a loop reactor, directing a portion of the recirculating polymer slurry into a 
hydrocyclone, returning the overflow firom the hydrocyclone into the reactor and withdrawing 
Ae underflow from the hydrocyclone and conductmg it to product recov«y . 

15 Ftirther,EP 1 118 624, EP 1 118 625 andEP 1 118 626 disclose a process for polymerising 
olefins, where the polymer slurry is directed firom a loop reactor mto a hydrocyclone. The 
underflow ftom the hydrocyclone is directed either to a subsequent polymerisation stage or to 
product recovery. 

20 EP 891 990 discloses an ethylene polymerisation process conqnising a continuous take-off of 
polymer slmry. The polymer slurry is continuously withdrawn fixsm the loop reactor and fed 
to a high-pressure flash. From the hi^-pressure flash, the polymer is transferred into a low- 
pressure flash and from there to product recovery. 

25 EP 517 868 discloses a process for produdng ethylene polymers in a reactor cascade 

comprising a loop reactor and a gas phase reactor. The document does not disclose how the 
polymer slurry is withdrawn firom the loop reactor. Hydrocarbons are separated firom the 
polymer, but no details are given on how this is done. Finally, the polymer is fed into the gas 
phase reactor. 

30 

Even if the above documaits describe differrat metiiods Of withdrawing the slurry from tiie 
loop reactor, none of them discloses or suggests a suitable, cost efficient process for 
polymerising etiiylene in two successive stages, the first stage being conducted in a loop 
reactor and die second stage in a gas phase reactor. The polymer is separated from the 



reaction mixture after the loop polymerisation stage and at least a part of the hydiocaibon 
mixture is removed. Then essentially no hydrogen is carded over to the gas-phase 
polymerisation reactor. 

The process of EP 517 868 comprises a low-pressure flash after the loq» reactor for 
separating the polymer fixan the reaction mixture. While this provides effective separation, it 
is a relatively expensive process, because the overhead flow fixan the fla^ needs to be 
compressed before it can be returned into the loop reactor and the polymer must be fed into 
the gas phase reactor with e.g. a pressurising/depressurising sequence. 

One way of overcoming the above-mentioned problem involving the necessity of • 
compressing the overhead flow ftom Ihe flash, would be to replace the low-pressure flash of 
EP 517 868 with a high-pressure flash, as suggested in EP 891 990. However, if the slurry 
were withdrawn from the reactor continuously, as proposed in EP 891 990, tfie separation of 
the reactants would not be sufficiently efficient and, in particular, some hydrogen would be 
carried over firom the loop reactor to die gas phase reactor, thus limiting flie molecular weight 
that could be produced in the gas phase reactor. The use of a oomhinatiQn of a hi^-pressure 
flash and a low-pressure flash would result in an expenave process. Finally, if the polymer 
slurry were witiidrawn from tfie loop reactor intamittently by using settling legs and the tfius 
witfidrawn concentrated slurry would be conducted to a high-pressure flash, there would still 
remain flie problem with high hydrogen concentration in tiie gas. However, the flash would 
now have to be designed for a high flow, because the flow rates are high at tiie times when flie 
setfling legs open to discharge the slurry. This overdesign and use of setfling legs leads to a 
high investment cost 

Summary of the Invention 

It is an aim of tiie present invaition to eliminate flie problems of tfie prior art and to provide a 
novel way of polymerising efliylene and oflier olefin monomers, optionally in die presence of 
comonomras, in a reactor cascade comprising a loop reactor and a gas phase reactor. 

It is a particular aim of die present invention to find an economical alternative to tiie process 
known ftom EP 517 868 by providing a novel and cost-efficient process for polymerising 
etiiylene in two successive stages, tiie first stage being conducted in a loop reactor and flie 



second.stage in a gas phase reactor, where the polymer is separated from the reaction mixture 
after the loop polymerisation stage so that no reactant, especially no hydrogen, is transferred 
ftom the loop reactor to the gas phase reactor in such an extent that it would have an adverse 
effect in Ae polymerisation in gas phase. 

5 

The uivention is based on the idea of using, in comWnation, means located outside the loop 
reactor for increasing the soHds content of the slurry withdrawn from the loop reactor to 
provide a concentrated slurry, and a high-pressure flash unit for essentially evaporating aU of 
the remaining Uquid-phase hydrocarbons of the slurry phase diluent to provide a gas/soUds 
10 mixture containing polymer soUds gases. Alternatively, the slurry can be concentrated when it 
is withdrawn fiom the reactor. 

Thus, the apparatos for producing an olefin polymer in the presence of a catalytic system 
preferably comprises, in a cascade, a loop reactor, means for increasing the concentration of 
15 polymer slurry withdrawn ftom the loop reactor, a high-pressure flash and a gas phase reactor. 
Tbc means fOT increasing the concentration of the slurry can be located externally to the loop 
reactor or be arranged m conjunction with the reactor outlet 

The process according to the invention for producing olefin polymers in the presence of a 
20 catalytic system in a continuously operated multistage polymerisation sequence, comprises 
the steps of 

- continuously withdrawing from the loop reactor a polymer slurry containing polymer 
and a fluid mixture containing dUuent, monomers and optionaUy hydrogen, 

- optionally, concentrating the slurry by removing a part of flie hydrocarbon diluent to 

25 provide a concentrated slurry, 

- conducting tiieconcentxated slurry to a high pressure flash unit in order to remove 

essentially all of flie remaining hydrocarbon diluent and to provide a product stream 
containing a mixture of polymer solids and gases, 

- iiansfeningtiie product stream ftom the flash into the gas phase leactor- 
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According to a preferred embodunent of flie invention, die product stream ftom the flash unit 
can be purged countercurrenfly in a gas-exchange zone witii essentially hydrogen-fiee gas in 
order to reduce tiie amount of hydrogen carryover to tiie gas phase reactor. 
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The present invention provides important advantages. Thus, it is possible to produce bimodal 
polyethylene with good properties. There is no hannful canyover of leactants ftom the &st 
polymerisation stage to the second polymerisation stage. Expensive overdesign of process 
elements can be avoided. The operation of the process is stable because of the truly 
5 contmuous operation. The time of transitions and start-up can be reduced. 

Further details and advantages of the invention will become parent ftom the following 
detailed desoiption comprising a number of worldng ecamples. 

10 Brief Descr iption of the Drawings 

Hgure 1 dqpicts in a schematic fashion the process configuration of a first preferred 
embodimrat of the invention. 

1^ Detailed Description of flie Inventing 

Overall Process 

The reference numerals used in the attached drawing refer to the following pieces of 
20 equipment' 

1. loop reactor 

2. hydrocyclone 

3. high pressure flash receiving vessel 
25 4. gas phase reactor 

11. loop reactor outlet line 

21. overhead flow from the hydrocyclone 

22. flash pipe (heated) 

31. overhead flow to the dUumf- recycle 
30 32. flow fpom the flash receiving vessel 
33. polymer flow to the gas phase reactor 
5. gas exchange zone 
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The present invention includes the foUowing steps, which will appear from the attached 
drawing showing an embodimait of the invention: 

Olefin monomers like ethylene and optionally one or more alpha-defin comononier(s) are 
5 polymadsed in a loop reactor 1 in a hydrocarbon dfluent, preferably propane or isobutane, in 
the presence of a polymerisation catalyst, optionally in the presence of hydrogen. The 
polymer slurry is continuously withdrawn firam the loop reactor 1 Arough an ouflet nozzle. 

At least a part of the polymer slurry thus withdrawn is conducted to a hydrocyclone 2, in 
10 which the slurry is concentrated to provide a first product stream having a hi^ concentration 
of soUd matter and a second product stream, which mainly consists of hydrocarbon diluent 
separated from the polymer slurry. The first product stream fornis the underflow of the 
hydrocyclone 2 and it is conducted via flash pipe 22 to receiving vessel of the flash unit 3, 
which preferably is operated at a high pressore. Tbe overhead flow comprising the second 
15 product stream of the hydrocyclone is recycled from the hydrocyclone 2 to the loop reactor 1 

The bottom flow containing the polymer is conducted fi»m the receiving vessel of the flash 
unit 3 into a gas phase reactor 4, preferably by gravity drop or pressure difference. 

20 At least a part of the overhead flow from, the receiving vessel of the flash unit, conasting 
mainly of hydrocarbons is recycled directly or indirectly into the loop react«ar 1 or gas phase 
reactor 4. 

Optionally, the flow containing the polymer can be passed throu^ a gas exchange zone 
25 before it is introduced into the gas phase reactor 4. 

The various steps of the process will now be described in more detail. 



A. Loop Reactor 



In the loop reactor 1, olefins like ethylene are homopolymerised or copolymerised with at 
least one C* to do aljrfia-olefibn. The polymensation takes place in an inert hychocaibon 
dUuent or Hquid monomer, preferably a C3 to Cj hydrocarbon diluent, more preferably in 
propane or isobutane diluoit, and in paiticular pn^ane diluent 

The tenq)erature in the loop is from about 60 *^ to about 110 preferably ftom 75 to 105 
"C. ff ethylene or propylene is homopolymerised in the loop reactor, it is preferred to operate 
the loop reactor at conditions known as "supercritical", where the operating temperature 
exceeds die critical temperature of die reaction mixture and flie operating pressure exceeds the 
critical pressure of die reaction mixture. At such conditions,, die operation temperature is 
higher flian 90 °C, preferably higher dian 93 X. 

The operating pressure needs to be selected so fliat the contents of the loop reactor remain 
eitiier in liquid state or supercritical state. For liquid shiny opaation, die suitable range of 
operating pressure is ftom about 20 to about 100 bar, preferably ftom 25 to 75 bar. For 
supercritical slurry operation, die suitable range of operating pressure is ftom about 50 to 
about 100 bar, prefierably from 55 to 80 bar. 

Suitable catalysts tfiat can be used to polymerise etiiylene are, e.g., Ziegler-Natta catalysts, 
singje-site catalysts, multi-site catalysts containing one or more single-site catalyst 
componmts, or combinations or mixtures of these. 

The Ziegler-Natta catalyst comprises titanium and magnesium compounds, optionally also 
aluminium compounds, and may be supported on an inert support, such as silica or 
magnesium dichloride. Pteferable catalysts are diose diat are disclosed in EP 688 794, EP 949 
274, WO 99/58584 and WO 0^55230. 

The singJe-site catalyst may be any catalyst that comprises one or more substituted or 
unsubstituted cyclopentadienyl ligands. Particularly useful are catalysts disclosed in WO 
97/28170 and WO 00/34341. 
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Preferably, ethylene is (co)polymerised in the loop reactor in the presence of hydrogen to 
■ produce the low molecular weight polymer component TypicaUy, the reacdon mixture 
contains ftom 0 to 10 %, preferably from 0 to 4 mol-% of alpha-olefin comonomer. If a 
aegl«-Natta catalyst is used, the reaction mixturc typically contains from 2 to 10 mol-% 

5 hydrogen, prefarably from 2 to 8 mol-%. If a single site catalyst is used, the reaction mixture 
tyittcally contains from 0.01 to 1 mol-% hydrogen. Rather, the reaction mixture contains 
typically from 1 to 10 mol-%, preferably from 3 to 10 mol-% ethylene. If a smgle site catalyst 
is used, then sUghtiy lower ethylene concentration may be used. The reaction mixture fiirther 
comprises the components of the diluent Preferably, the major part of the dUuent is propane, 

10 with minor quantities of other alkanes, such as methane, ethane, and butanes. 

The concentration of the polymer in tiie reactor slurry is typically from 10 to 40 % by volume, 
pidferably from 20 to 30 % by volume. 

15 The polymer slurry is withdrawn from the loop reactor continuously flnrough an ouflet The 
outiet may be placed at any suitable location in flie reactor. However, most preferably tfie 
ouflet is located at a suitable location downstieam of the loop circulation punq>. It is also 
possible to withdraw flje slurry from the loop reactor in such a manner tiiat its concentration 
of solids at tixe ouflet is higher than tiie concentration of soUds in flie loop reactor. The slurry 

20 may be du»cted into flie flash unit direcfly or flirough a further concentration step. 

Pressure of flie reactor is controlled by continuous withdrawal of the slurry from the reactor 
flirough an ouflet nozzle. The said slurry can be directed to tiie hydrocyclone. In fliat case flie 
pressure control valve is located in the product take off line of flie hydrocyclone. 

25 

Pecfomiance^f flie hydrocyclone is highly dependent on flie feed conditions. Any disturbance 
in the botlxxmflow will affect flie performance of the hydrocyclone. The design can be made 
e.g. by aUowing a wide controlling range for flie feed flow. Stable operating conditions could 
flien be reached by recycling a part of flie slurry from flie bottom of the hydrocyclone to flie 
30 reactor. 



Cut size of flie particles can be adjusted e.g. by controffing flie feed flow to flie hydrocyclone. 



Solids concentration at the bottom of the hydrocyclone can be measured and adjusted by 
adjusting the ratio of the recycle flow (overflow) and the product flow (underflow). 

B. l^drocyclone 

From the loop reactor 1 the polymer sluny is directed to a hydrocyclone 2, where tfie 
concentration of the slurry takes place by effect of centrifugal forces. The hydrocyclone 
divides the dmry flow into two streams: An overflow 21, which is rich in liquid, and an 
underflow, which is rich in polymer. The overflow is returned to the loop reactor or to a fines 
collection tank (not shown in the drawing) and the underflow is directed to a flash unit 

As described above, the slurry entering the hydrocyclone has a soUds content of 10 to 40 % 
by volume. The solids concentration in the underflow can be a($usted by adjusting the ratio of 
the recycle flow (ovraflow) to the product flow (underflow), and is typically fcam 30 to 55 % 
by volume, prefraably 40 to 52 % by volume. It is often advantageous Id recycle a part of the 
underflow back to the loop reactor. 

The maximum soUds concentration in the product flow is set by the limit of stable operation, 
ff the sofids concentration of the slurry is too high, the risk of plugging the product flow 
increases. For economical reasons, on the other hand, as high as possible soHds concentration 
in the slurry is desired. 

Typically, the ratio of recycle flow to product flow is fixMn about 0.01 to about 10, preferably 
fi»m 0.01 to 5 and more preferably from 0.1 to 2. 

Hie solids concentration of the recycle flow is typically about 0 (or at least 0.001) to 5 % by 
volume. 

C ffigh Pressure Flash Unh 

The flash unit 3 typicaUy consists of a heated flash pipe 22 and a receiving vessel 3. The 
starry entering the flash unit has a soUds concentration of 30 to 60 % by volume. In the flash 
unit, the remaining hydrocarbons are removed from the polymer. The flash pipe is preferably 
heated, e.g. by steam or water. If water is used for heating, the heating water can be 
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advantageously taken ficom the jacket of the loop reactor. The temperature is selected 
according to the conqiosition of the hydrocarbon fluid so that the fluid is essentially 
evaporated. The phrase "essentially removing the fluid phase" means that a major fraction of 
the fluid phase is rranoved and only an amount of fluid tiiat fills the volume tetween die 

5 polymer particles and the volume of pores in the polymer particles remains with flie polymer. 
Typically, the temperature at the recdving vessel is firan 50 to 100 *C, preferably from 60 to 
90 °C, in particular ftom 70 to 90 "C, and a pressure of 10 to 30 bar, preferably 12 to 27 bar, 
and in particular fiom 14 to 24 bar. The pressure is preferably higher than the pressure in the 
gas phase reactor, to allow smooth transfer of the polymer into the gas phase reactor. 

10 Advantageously, the pressure is at least 0.05 bar higher than in the gas phase reactor. 

At least a part of the overfiead flow 31 ficom the receiving vessel of the flash unit 3 is passed 
to the recovery system fiw recycling into tfie loop reactor 1 or gas phase reactor 4 or bofli. A 

small purge stream can be recycled e.g. to a oracker. 

15 

D. Gas Exchaa^e Zone 

The product flow 32 from the flash receiving vessel 3 is directed into a gas phase reactor. The 
flow contains about the void volume of gas of the same composition as the loop reactor fluid 

20 the rest being polymer. Before introduction into the gas phase reactor, the product flow can be 
passed through a gas exchange zone 5, where it is flushed countercurrently with essentiaUy 
hydrogen firee gas ftaction from the diluent recovery or with a pure hydrocarbon, prefraably 
propane, to reduce the amount of hydros carryover to the gas phase reactor. The gas 
displacranent zone ccnnprises a conduit and a control valve or optionally one or two rotary 

25 feeders. 

There are different ways of implementing tfie gas exchange zone. One possibility is sinq>ly to 
have a control valve in the conduit used for transporting the polymar fipom flie flash into the 
gas phase reactor. The flush gas is di«i introduced into flie conduit upstream tiie control valve 
30 and optionally also below tiie control valve. 

Another alternative is to have one or two rotary feed«s after the flash unit The rotary feeder 
moves a part of the gas upwards and a part of the gas downwards. Again, flush gas is 



11 

introduced into the conduit between the rotary feeder(s) and the gas phase reactor below and 
optionally also above the rotary feeder(s). 

The product flow after flushing contains typically less than 0.1 mol-% of hydrogen. 

The product flow is transferred to the gas phase reactor. An auxiliary gas may be used to 
facilitate smooA transfer of the product flow into the gas phase leactw. 

£. Gas Phase Reactor 

The gas phase reactor 4 is operated at a temperature of from about 60 "C to about 115 "C, 
preferably 70 to 1 10 **C The operating pressure is from 10 to 30 bar, preferably from IS to 23 
bar. 

In the gas phase reactor, olefins are is cqpolymeiised with one or more Cj to do alpha-olefin 
comonomers, or the olefins like ethylene are homopolymerised. 

Preferably, the olefins like e1h)1ene are copolymerised in the gas phase reactor wifli a minor 
amount of hydrogen.to produce a hi^ molecular weight polyethylene copolymer. The 
reaction mixture contains typically from 5 to 25 mol-% ethylene, from 0.1 to 10 mol-% alpha- 
olefin comonomer and from 0.01 to 3 mol-% hydrogen. If a single site catalyst is used to 
polymerise ethylene, then die contrait of hydrogen may be from 0.001 to 1 mol-%. The 
remainder is composed of inert components, like nitrogen or propane. 

Summarising what has been stated above, one particularly prefened embodiment of the 
invention comprises the following st^s: Polymerising the monomer in the presence of a 
catalytic system in a loop reactor 1 using a suitable catalyst and an inert hydrocarbon dSuent, 
continuously withdrawing the polymer slurry fix)m the loop reactor throu^ an outlet line 11, 
concentrating the sluny in a hydrocyclone 2 to remove excess hydrocarbons to provide a 
concentrated slurry, returning the overflow 21 containing hydrocarbons from the 
hydrocyclone to the loop reactor, directing the concentrated slurry through a heated flash pipe 
22 to the receiving vessel 3 of the high pressure flash unit in order to remove excess fluid 
reaction mixture, directing the product flow 32 from the receiving vessel of the flash unit into 
a gas phase reactor. 
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.Accoiding to a second particulariy preferred embodiment, theproduct flow 32 from the 
receiving vessel of the flash unit is directed into a gas phase reactor through a gas exchange 
zone, the gas exchange zone, the amount of hydrogen in the product flow is reduced by 
5 fludiing the flow with an essentially hydrogen free gas. 



Example 
Example 1: 

10 A 20 m^ loop reactor is operated at 95 °C and 60 bar pressure with propane dihienL Ethylene 
homopolymer is produced in the reactor by introducing ethylene, dUuent, hydrogen and a 
polymerisation catalyst, which was prepared according to Example 3 of EP 688 794 with the 
exception that as a earner material siUca having an average particle size of 20 pm is used, in 
such quantities that the diluent contains 5.9 mol-% of ethylene and 2.6 mol-% hydrogen. The 

15 remainder is propane with minor quantities Oess lhan 1 mol-% each) of methane, ethane, 
isobutane and n-butane. The polymer production is 2.8 tons per hour, the melt index of the 
polymer is 450 g^lO min and the density 973 kgte'. The soUds content of the sluixy is 25 vol- 



20 The polymer sluny is withdrawn continuously from the reactor through an outtet nozzle and 
transferred to a hydrocyclone according to Figure 1. The total slurry feed to the hydrocyclone 
is 5.5 tons per hour. The product flow is 3.7 tons per hour, with 52 v6l-% of soUds. The 
recycle flow is 1.8 tons p» hour, with 1.7 vol-% soHds. The recycle flow is returned to the 
loop reactor. 



25 



30 



The product flow of the hydrocyclone is routed into a flash pipe and further to a flash 
receiving vessd. operated at a tenqwrature of 75 "C and a pressure of 21 bar. The 
hydiocarfjons separated from the polymer are returned into the loop reactor via a dfluent 
recovery. They contam 5.9 mol-% of ethylene and 2.6 mol-% of hydrogen. 

The product flow from flie flash receiving vessd is introduced into a &s «cchan^ zone, 
where it is flushed with 300 kg/h of propane. The gas entering the gas displacement zone with 
powder contains 5.9 mol-% of ethylene and 2.6 moI-% of hydrogen. After flushing, the gas 
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flow to the gas phase reactor with powder contains 0.3 mol-% of ethylene and 0. 1 mol-% of 
hydrogen the rest being propane. The flush gas is recycled to diluent recovery via a flash 
receiving vessel. 

The product flow finom the gas exchange zone containing part of the flush propane is 
introduced into a gas phase reactor essentially by gravity drop, where the pQlymerisadon is 
continued by adding ethylene, hydrogen and 1-butene so that the reaction mixture contains 13 
mol-% ethylene, 0.9 niol-% 1-butene and 0,35 mol-% hydrogen, the remainder bang nitrogen 
and a minor amount of propane. The polymerisation tenqieiature is 80 "C and pressure is 20 
bar. The polymer production rate in the gas phase reactor is 3.2 tons per hour, so that 6 tons of 
polymer is withdrawn ftom the gas phase reactor per hour. The final polymer has a meit index 
MFR21 of 9 g/10 min and density of 949 kg/m\ 

Example 2: 

Into the reactor of Example 1 is introduced ethylene, 1-butene, hydrogen and diluent, as well 
as similar catalyst to what was used in Example 1, so that the reaction mixture contains 5.9 
mol-% ethylene, 3.7 mol-% 1-butene and 2.6 mol-% hydrogen. Polymerisation temperature is 
85 "C. The pdyma- producticm is 2.4 tons pa- hour, die melt index of the polymer is 200 g^lO 
min and the density 952 kg/in^ The solids content of die slurry is 25 vol-%. 

The polymer sluny is withdrawn continuously ftom the reactor through an outlet nozzle and 
transferred to a hydrocyclone according to Figure 1. The total sluny feed to the hydrocyclone 
is 5.2 tons per hour. The product flow is 3.8 tons per hour, with 39 vol-% of solids. The 
recycle flow is 1.4 tons per hour, with 5.8 vol-% solids. The recycle flow is returned to the 
loop reactor. 

The product flow of the hydrocyclone is introduced into a flash pipe and further to a flash 
receiving vessel, operated at a ten^erature of 80 **C and a pressure of 20 bar. The 
hydrocarbons separated fix>m the polymer are returned into the loop reactor. They contain 5.9 
mol-% of ethylene, 3.7 mol-% 1-butene and 2.6 mol-% of hydrogen. 

nie product flow from the flash receiving vessel is introduced into a gas exchange zone 
consisting of a conduit and a rotary feeder, where it is flushed with 300 kg/h of essentially 
hydrogen fiee flow fmm dUuent recovery. The gas entering the gas displacement zone with 



14 

powder contains 5.9 mol-% of ethylene. 3.7 mol-% of 1-butene and 2.6 mol-% of hydrogen. - 
After flushing, the gas flow to the gas phase reactor with powder contains 0.3 mol-% of • 
ethylene, 0.3 mol-% of l-butaie and 0.05 mol-% of hydrogen the rest being propane. The 
flush gas is recycled to diluent recovery via a flash receiving vessel. 

The product flow ftom the recaving vessel of the flash unit is introduced into a gas phase 
reactor where the polymerisation is contmued by adding ethylene, hydrogen and 1-butene so 
that the reaction mixture contains 12 mol-% ethylene. 5.3 mol-% 1-butene and 0.08 mDl-% 
hydrogen, the remainder being nitrogen and a minor amount of propane. The polymerisation 
temperature is 80 and pressure is 19 bar. The polymer production rate in the gas phase 
reactor is 3.6 tons per hour, so that 6 tons of polymer is withdrawn from the gas phase reactor 
pa hour. The final polymer has amdt index MER21 of 18 g/lOmin and density of 922 kg^m^ 
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Qaims 

1. A process for producing olefin polymecs in the presence of a catalytic system in a 
continuously operated multistage polymerisation sequence, wheran an olefin monomer is 
polymerised first in slurry phase in a hydrocaibon diluent or liquid monomer, in at least one 
loop reactor, the sluny having a first concentration of solids, and then subsequently in gas 
phase in at least one gas phase reactor, said process comprising 

- continuously withdrawing ftom the loop reactor a polymer sluny containing polymer 
and a fluid phase, further containing hydrocarbons and optionally hydros, 

- optionally, concentrating the slurry by removing a part of the fluid phase to provide a 
concentrated sluny, 

- conducting the concentrated sluny having a second concentration of solids, which is 
higher tfian the first concentration of solids, to a high pressure flash unit in onter to 
remove essentially all of the remauiing fluid phase and to provide a product flow 
containing a suspoision of polymer solids and gases, and 

- feedmg the product flow of the flash unit into die gas phase reactor. 

2. The process accordmg to claun 1, wherein the soHds content of the concentrated sluny is 
30 to 55 %, preferably 40 to 52 •% by volume. 

3. The process accordmg to claim 1 or 2, wherem the slurry is concentrated by using a 
hydrocyclone or a sieve. 

4. The process to claun 3, wherein the sluny is concentrated m a hydrocyclone to provide an 
underflow, which comprises the concentrated slurry, and an overflow, which is rich in 
hydrocaibon(s). 

5. The process accordmg to claim 1, wherein the slurry is withdrawn ftom the loop reactor in 
^ch a manner that the concentration of soKds at the outlet is higher than the concentration of 
solids in the loop reactor. 



i. The process accordhig to claim 5, wherein the overflow is recycled to the loop reactor. 
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7. Hie process acccading to claim 6, wherein the ratio of the recycled overflow to the 
underflow withdrawn from the hydrocycloiie is 0.01 to 10, preferably 0.01 to 5 and in 
particular 0.1 to 2. 

5 8. The process according to any of claims 5 to 7, wherein the solids concentration of the slurry 
of the overflow is 0.001 ta5 % by volume of the flow. 

9. The process according to any of the preceding claims, wherran the flash unit courses a 
flash pipe, which is optionally heated, in which the remaining hydrocarbons of tfie 
10 concCTitrated slurry are at least partly ev^orated to form an ovraflow containing the 

evaporated fluid phase, and a receiving vessel to form an overflow containing the evaporated 
fluid phase and a product flow containing the polymer particles and a minor amount of flie 
fluid phase. 

15 10. Hie process according to any of Has preceding claims, wherdm the lecd^ving vessel of the 
flash unit is operated at a pressure of 10 to 30 bar, preferably 12 to 27 bar, in particular 14 to 
24 bar. 

1 1. The process according to any of the preceding claims, wherem the recdving vessel of the 
20 flash unit is operated at a pressure, which is higher, preferably at leasj 0.05 bar higher, than 

the pressure in the gas phase reactor. 

12. Ihe process according to claim 9, wherein the flash pipe is heated with steam or water so 
that temperature of the gas at the receiving vessel is 50 to 100 "C. preferably 60 to 90 "C, in 

25 particular 70 to 90 *C. 

13. The loocess acc(»ding to claim 12, wherein the flash pipe is heated with watra- taken fisom 
a jacket of the loop reactor. 
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14. The process according to any of claims 1 1 to 13, wherein the overflow from the flash is 
recycled into the loop reactor or omducted to the gas phase reactor or both. 



17 

15. The process according to any of the preceding claims, wherein the product flow of the 
flash unit is flushed counter-cunently in a" gds exchange zime with an essentiaUy hydrogen- 
ftee gas fiaction to reduce the amount of hydrogen caityover to the gas phase reactor before 
die product flow is transfared into the gas phase reactor. 

16. The process according to daim 15. wherein the gas exchange zone conqnises a conduit 
mterconnecting the reodving vessel of the flash unit and the gas phase reactor and equipped 
with a control valve, whereby flush gas is introduced upstream and/or downstream of the 
control yalve. 

17. The process according to claim 15, wherein the gas exchange zone comprises a conduit 
interconnecting the recdving vessd of the flash unit and the gas phase reactor and equipped 
with one or several rotaiy feeders, whereby flush gas is introduced upstream and/or 
downstream of the rotary feedear(s). 

18. The process according to any of the preceiding claims, wherein die product flow fiom the 
flash unit contains less than 0.1 mol-% of hydrogen. 

19. The process according to any of the preceding claims, whradn the polymer is conducted 
into the gas phase reactor by gravity drop. 

20. TTie process according to any of the preceding claims, wherdn the gas phase reactor is 
operated at a ten^erature of 60 - 1 15 **C, preferably 70 - 1 10 "C. 

21. The process according to any of the preceding claims, wherein the gas phase reactor is 
operated at a pressure of 10 - 30 bar. preferably 15 - 25 bar. 

22. The process according to any of the preceding claims, wherdn the monomer is ethylene, 
which is optionaUy copolymerised witfi one or more Q to do alpharolefins. 

23. Hie process according to any of the preceding dauns, wherein the catalytic system 
comprises a Ziegler-Natta catalyst, smgle site catalyst, multi site catalyst or a combination or 
mixture of the above. 
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24. An appm^ for producing an olefin polymer in the presence oif a catalytic system, said 
apparatus compiising, in a cascade, a loop reactor, a hydrocyclone, a high-pressure flash and a 
gas phase reactor. 

5 

25. The apparatus accordiiig to claim 24, further comprising a gas exchange zone arranged m 
the cascade between the high-pressure flash and the gas phase reactor. 

26. Hie apparatus according claim 24, comprising 

10 - a loop reactor for polymerising olefin monomer in slurry phase in a reaction mixture 
conqttising fluid hydirocarbbns and optionally hydrogen and polymer particles and 
provided with at least one outlet to allow for continuous withdrawal of polymw slurry, 

- at least one hydrocyclone having at least one inlet for the polymer slurry and at least 
one first outlet for concentrated slurry and at least one second ouflet for ah overhead 

15 flow, said inlet }xaxkg connected to the ouflet of flie loop reactcnr, and said 

hydrocyclone bdng ad^ted to separate die fluid phase firam the polyma slurry to 
provide a concentrated sluny, 

- a hi^ pressure flash tmit having at least one inlet for the slurry and at least one first 
outiet for a suspension of polymea: solids and gases and at least one sec(md witlet for 

20 evaporated fluid phase, said inlet being connected to the first ouflet of the 

hydrocyclone, and said flash unit bdng adapted to separate the fluid phase from the 
concentrated slurry, and 

- a gas phase reactor having at least one inlet for polymer solids and gases and at least 
one ouflet for polymer product, said inlet being connected to the first ouflet of the high 

25 pressure flash unit 

27. The apparatus according to claim 26, wherdn the ouflet of the loop reactor is placed at a 
suitable location dowristream of the loop drculation purnp. 

30 28, The apparatus accordmg to claim 24, wherein a gas exchange zone is arranged between 
the high pressure flash unit and die gas phase reactor to provide for countercurrent flushing of 
the product flow with essentially hydrogen-ficee gas. 
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29. The ^paratus according to claim 28, wherein the gas exchange zone comprises a conduit 
interconnecting the receiving vessel of the flash unit and the gas phase reactor, and equipped 
with a control valve, whereby flush gas can be introduced upstream and/or downstream of the • . 
control valve. 

30. The appacaxxjs according to claim 28, whercin.the gas exchange zone comprises a conduit 
interconnecting the receiving vessel of the flash unit and the gas phase reactor and equipped 
with one or several rotary feeders, whaeby flush gas can be introduced upstream and/or 
downstream of the rotary feeder(s). 
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Abstract 

The present invention concerns a process and an s^aratus for continuous polym^sation of 
olefin monomers in a cascade of polymerisation reactcws. According to the process, an olefin 
5 monomra' is polymerised first in sluny phase in an inert hydrocarbon dilurait in at least one 
loop reacU»: and then, subsequently, in gas phase in at least one gas phase reactor. According 
to the invention, a polymer slurry is continuously withdrawn from the loop reactor and 
optionally concentrated. The concentrated sluixy is conducted to a high pressure flash unit in 
order to remove the remainmg fluid phase, and fed to the gas phase reactor. Witfi the process 
10 described in this invention, it is possible to produce bimodal polyediylene with good 

properties. The operation of the process is stable because of flie truly continuous operation. 
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